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THE DRAG CHARACTERISTICS OF SEVERAL AIRSHIPS DETERMINED BY 

DECELERATION TESTS 

By F. L. TEOHrBON and H. W. Eibbcebatim 



SUMMARY 

The resvlts of deceleration tests condtidei for the -pur- 
pose of determining the drag characteristics of six air- 
ships are gioen herein. The tests were made diwring the 
past few years vnth airships of various shapes and sizes 
belonging to the Army, the Navy, arid the Ooodyear- 
Zeppelin OorporaHon. In each instance a representa- 
tice of the National Advisory Committee for Aeronautics 
cooperated vnih the organization to which the airship 
belonged fo conduct the tests. Although the deceleration 
tests with the U. S. S. "Los Angeles" have been pre- 
viously reported, the final resvlts obtained with that air- 
ship are indvded herein for comparison. 

Drag coefficients for the following airships are shown: 
Army "TO-6," "TO-10," and "TE-B"; Naary "Los 
Angeles" and "ZMO-2"; Ooodyear "Puritan." The 
coefficients vary from about O.O4S for the small blunt 
airships to O.OS1S for the rdaiixely large slender "Los 
Angeles." This variation may be due to a eomlination 
of effects, but the most important of these is probably the 
effect of length-diameter ratio. 

INTRODUCTION 

Deceleration tests tare frequently been used for an 
experimental detenmnalion of the drag of full-sized 
airships. For various reasons, some of which pertain 
to the test conditions and some to assumptions made 
in the calculations, the results obtained by this method 
are often considerably in error. The drag data ob- 
tained are valuable, however, owing to the lack of 
more satisfactory sources of full-scale data. 

The National Advisory Committee for Aeronautics, 
in conjunction with the Nineteenth Airship Company 
of the Army Air Corps, the Bureau of Aeronautics of 
the Navy, and the Groodyear-Zeppelin Corporation, 
has conducted deceleration t«sts during the past few 
years to determine the drag characteristics of six air- 
ships. In conjunction with these tests, speed trials 
were also conducted with these airships. The air- 
ships represent five different shapes, and vary in vol- 
ume from 80,000 cubic feet for the Army's nonrigid 
TE-2 to 2,760,000 cubic feet for the U. S. S. Los 
Anodes. The results of these tests and of the speed 
trials conducted vrith these airships are given herein, 
together with a description of the general procedure 

S9300— 32 43 



followed and details of each series of tests except those 
conducted with the Los Angeles. The tests with the 
latter airship have previously been reported (reference 
1), but the final results are included herein for com- 
parison. 

The various subjects are treated in the following 
order: 

General Method. 
Accuracy. 

Los Angeles, Results. 
TO-10, Tests and Results, 
Puritan, Tests and Results. 
ZMG-Z, Tests and Results. 
TO-6, Tests and Results. 
TB^£, Tests and Results. 
Discussion of Results. 

GENERAL METHOD 

The general method is described below. Any devi- 
ations from this procedure wiU be noted in the indi- 
vidual accounts of the details of each series of tests. 

Air speed was measured with an N. A. C. A. record- 
ing air-speed meter (reference 2) connected by rubber 
tubing to a suspended Ktot-static head. This air- 
speed head was suspended below the airship a sufficient 
distance to insure that it was not appreciably affected 
by the air flow around the hull. The photographic 
records of the airnspeed recorder were in most cases 
timed at regular short intervals by means of an 
N. A. C. A. timer. (Reference 3.) Air temperature 
and pressure readings were takffli for the calculation of 
air density and true air speed. 

In speed trials air-speed measurements were taken 
at various engine speeds. Records having a duration 
of 10 or 15 seconds for each speed were usually con- 
sidered to be sufficient. The results of these trials 
were used to show the variation of air speed with 
engine speed. As a curve showing this variation is 
i essentially a straight line, it can be established by 
; rdativdy few points and can be extrapolated to show 
with fair accuracy the air speed which would be ob- 
tained with somewhat greater engiue speeds tTifln 
those actually used. 

In deceleration t^ts continuous air-speed records 
were taken while the airship decelerated more or less 

666 



666 



EEPOET NATIONAIi ADVISOBT 



COMMITTEE EOH AEHONATJTICS 



smoothly in hoiizontal flight with the power off. 
Each run was started with the airship in steady hori- 
zontal flight at either cruiang or maximum speed. 
The power was cut off by closing the engine throttles 
or by opening the ignition switches. Air temperature 
and pressure readings were taken in most cases at the 
start and end of each run. 

The drag characteristics were calculated from the 
deceleration data by the method described in reference 
1. The symbols used and a description of the calcu- 
lations follow: 
V — ^velocity 

V — total air volxmie of airship 
Vm — virtual volimae 
t — ^time 

8 — characteristic length (a linear quantity deter- 
mined by the drag characteristics of an airship) 

A — drag area of airship (a = t — total drag — \ 
" ^ V dynamic pressure/ 

Af — drag area of parts not ordinarily contributing to 

the drag of the airship 

ki — ^longitudinal coefficient of additional mass . . 

Od — drag coefficient- (based on t^i^) 

p — air density (mass per unit volume) 

Curves of p. against t were plotted for the deter- 
mination of the characteristic length 

d^ 

which is constant for any given airship when the 
resistance is proportional to the square of the velocity. 
(Reference 1.) As only the slopes of these curves are 
important, the time may be measured from an arbi- 
trary reference, which is usually the start of the auv 
speed record. 

The drag area and shape coefficient were found by 
use of the expressions 



and 

The virtual volume v„ is the actual volume of the 
airship plus an additional amoxmt that allows for the 
momentum contributed to the decelerating mass by 
the air that is moved as a result of the airship's motion. 
The form of the expression for virtual volume is 

in. which k is the additional mass coefficient- for the 
shape considered. 

There is some doubt regarding the proper value to 
be assigned to k. Theoretical additional mass co- 
efficients for ellipsoids require the assumption that 
air is inviscid and that the airships are equivalent to 



ellipsoids in shape. Actually, owing to viscosity of 
the air, an airship is accompanied by a boundary 
layer of air of varying thickness ku which the velocity 
varies with the distance from the hull surf ace . Accord- 
™g *9,_% Goodyear-Zeppelin Corporation report by 
Elemperer, tihe momentum of the boimdary layer is 
approximately equivalent to an additional mass 
coefficient of 0.02 for the Los Angeles. With regard 
to other shapes and sizes, it is stated that, in addition 
to an expected variation with the inverse of the fifth 
root of the Reynolds Number, there is some evidence 
to indicate tihat the boundary-layer momentum de- 
pends upon the shape, being relatively greater for 
blunt shapes. If the above value of the coefficient 
for thsLLos Angeles is used as a datum, the coefficients 
for the small blunt airships are apparently somewhat 
greater than 0.02. If the effect of Resmolds Number 
alone is considered upon the basis stated above, the 
coefficients for these airships would be about 0.03; 
but because they are relatively blunt, as well as small, 
the proper value of the coefficient is very uncertaia. 

As .there is considerable uncertainty regarding the 
equivalent boundary-layer volume for all but one of 
the airships, and because itris probably small in any 
event] the virtual volumes are calculated on the basis 
of theoretical longitudinal mass coefficients alone. 
The coefficient for each airship is assumed to be the 
same as that for an ellipsoid having the same volume 
and either the same diameter or length as the airship. 

It is assumed that 

P» = e(l+Ai) 

in which v includes the total air vol^Ime of the en- 
velope and all external parts, and ki is found from 
Lamb's additional mass coefficients for ellipsoids. 
(Reference 4.) For nonrigid airships the actual air 
volume of the envelope ia the theoretical volume 
plus the increase in volimie caused by fabric stretch. 
This increase in volume is assumed to be 3 per cent 
for all the nonrigid airships. Although the addi- 
tional mass coefficients for appendages are probably 
different from that for the envelope, the volume of 
these parts is so small relative to the total volimie 
that the error incurred in applying the same coef- 
ficient to all parts is negligible. 

The quantity Ap that appears in the equation for 
net drag area is the sum of the equivalent drag areas 
of the propellers and suspended air-speed head. 
Although the drag of the air-speed head has been 
found to be nearly constant at high speed because of 
variations in curvature of the cable, its drag is ap- 
proximately equivalent to a drag area of 2 square feet 
for the speeds encountered in the airship tests. The 
drag areas of the propellers for each airship ware 
estimated by the application of results obtained in 
Durand and Lesley's propeller tests. (Reference 5.) 
The drag areas of stopped propellers were calculated 
by means of equations given by Diehl (reference 6) 
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whicli are based, on the abore-mentioiied propeller 
testa. These equations are: 

Negative thiwt=On' f 1^ (p) ^5" 

C!d' = 1.16—0.44^ (for stopped propeller) 

where V is the forward velocity 

6, maximuni blade width 

D, diameter 

p, nominal pitch 
The propeller characteristics for the various airships 
are given in Table I. 

ACCURACY 

The accuracy with which air speed is measured is, in 
general, probably within ±2 per cent. 

The manner in which the calculated shape coef- 
ficients are affected by various inaccuracies is con- 
veniently shown by the following expression: 

^« i ^ 

The first term represents the over-all shape coef- 
ficient and the last, the correction for drag of the pro- 
pellers and suspended air-speed head. 

The fact that corrections for stretoh of the nonrigid 
airships may be inaccurate is acknowledged, but the 
effect on Go of such errors is probably negli^ble. The 
accuracy of the first term is therefore considered to be 
dependent upon the accuracy of the experimentally 
determined s and assumed ki. The accuracy of s 
depends not only upon exactness in measuring time 
and velocity, but also upon the exactness with which 
the actual test conditions conform with those desired 
or assumed by the deceleration theory. The lack of 
conformity ia this respect is probably the more serious 
source of error. The value of s obt-ained by averaguig 
the results of several runs is believed to be subject to 
an error of the order of ± 5 per cent, and to a somewhat 
greater error when the results of only one or two runs 
are available. T^th r^ard to the volume factor 
(1 +ki), it has been previously stated that n^lecting 
the effect of air viscosity probably leads to an error of 
at least —2 or —3 per cent in this factor. Errors in 
the second term of the above expression probably do 
not affect the shape coefficient by more than ±3 per 
cent. It appears, therefore, that, in general, Od is 
subject to a plus-or-minus error of about 8 per cent, 
and may be a few per cent low in every case owing to 
the use of an incorrect volume factor. 

"LOS ANGELES" RESULTS 

The Los Angeles has a hull volume of 2,760,000 
cubic feet, a length of 656 feet, a maximum diameter of 
90.7 feet, and a length-diameter ratio of 7.23. As the 
results of the deceleration t«sts with this airship have 



previously been published (reference 1), no description 
of the tests or no detailed account of the results are 
given here. It should be noted, however, that th% 
drag coefficient for this airship without water recovery 
is ^ven as 0.023 herein (Table II) and as 0.0242 in 
reference 1. The difiference is caused by the difference 
between the methods of calculating virtual volume in 
the two cases. In the previous case 4 per cent was 
allowed for the effect of the bdundaty layer on virtual 
voliune; whereas, in the present case the effect of fric- 
tion ia this respect was neglected, as previously 
plained. A value of £i = 0.04 was used in the calcula- 
tion of virtual volume. This value is the additional 
mass coefficient for an ellipsoid having a volume and 
diameter equal to the volume and diameter of the 
Los Angdes. 

" TC-IO " TESTS 

In the faU of 1928 speed and deceleration trials were 
conducted with the Army airship TG-10 at Langley 
Field, Va. These tests were conducted by DeFrance, 
of the National Advisory Committee for Aeronautics, 
wlule he was on reserve duty with the Nineteenth 
Airship Company. 











a 




















870 


ff 



















































*^ 0 /O 20 30 -40 

Time, seconds 

FiQTJBE 1.—TO-10 deeelaraHon test. Eua No. 1 

The TC-10 is a conventional nonrigid airship with 
an open car and with two en^nes mounted on outrig- 
gers. It has a volume of 200,600 cubic feet, a length 
of 196.8 feet, a maximum diameter of 44.5 feet, and a 
leogth-diameter ratio of 4.4. There are four fins end 
three movable tail surfaces. The tractor propellers 
were driven by water-cooled engines that probably 
developed a maximum of ISO horsepower each. 

Two deceleration runs and a series of speed trials 
were made. The deceleration runs were started by 
opening the ignition switches with the engines operat- 
ing at 1,300 r. p. m., which was approximately their 
maximum speed. For some reason the switches were 
not opened simultaneously in the £j:st run. In the 
speed trials records were taten with the airship follow- 
ing a given compass course, the keel level, and the 
engine speed steady. Level flight was maintained by 
the aid, of an indicating statoscope during the speed 
and deceleration tests. 

" TC-10 " RESULTS 

The deceleration curves are shown in Figures 1 and 
2 and tiie results of the speed trials in !E^lgure 3. 
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The average characteristic length is 
s = 2,835 feet 

The total air volume of this airship is calculated to 
be 207,700 cubic feet, and the value of ki for an ellipsoid 
of equivalent volume and length is 0.07. The cal- 
culated virtual volume is, therefore, 

»„=207,700 X 1.07 =322,300 cubic feet 
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Fiauas 2.— TC-tO decderatlon test. Ban No. 3 

The drag area of the propellers is calculated for the 
stopped condition, although thej actually continued 
to rotate for about 10 seconds after the switches were 
opened. The total drag area of the two propellers and 
the suspended air-speed head is 



cooled engines having a rated power of 67 horsepower at 
1,690 r. p. m. The engines are mounted on outriggers 
on either side of the cabin. The propellers rotated in 
opposite directions during the first series of tests. 
Before the second series of tests one of the engines 
was replaced by a new engine having a direction of 
rotation opposite to that of the one replaced. Conse- 
quently a new propeller was required, and both pro- 
pellets rotated in the same direction during the second, 
series of tests. 

Power was cut off in the deceleration runs by open- 
ing the ignition switches. Four deceleration runs were 
made in the first series of tests and three in the second. 
Three windows were out in the first series and the 
airship was slightly heavy to the extent that it lost 
altitude at the rate of about 200 feet per minute. The 
deceleration runs in the second series of tests were 
started with the engine developing a full-throttle 
speed of 1,690 r. p. m., whereas in the first series this 
engine speed could not be attained, and the starting 
speed was consequently slightly lower. Rate-of-climb 
and inclinometer observations in the first series of 
deceleration trials indicate that fairly level keel was 
maintained, but that the airship descended slightly 



.4p = 14 + 2 = 16 square feet 

The net drag area is 



50 



-16 = 141 square feet 



. 2 X 222,300 
2,835 



and the shape coefficient 

^-=(-20W='-°'' 

The maximum full-throttle speed at- 
tained was 49.6 m. p. h. The value 
of p for the speed trials was 0.00226. 
Although the engine speed for this air 
speed was not recorded, it was found to 
be l,330"r. p. m. by extrapolation of the 
curve in Figure 3. 

••PURITAN" TESTS 
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Two series of performance tests with the Tvrdwn, 
airship were conducted at Akron, Ohio, id the latter 
part of 1928 by the GoodyeaivZeppelin Corporation, 
assisted by DeFrance, of the National Advisory Com- 
mittee for Aeronautics. The results of the speed and 
deceleration runs made during these tests axe given 
herein. In each series several speed trials and decel- 
eration runs were made. 

The Puritan is a nonrigid airship having a volume of 
85,870 cubic feet, a length of 127.5 feet, a maximum 
diameter of 36.4 feet, and a length-diameter ratio of 
3.5. It has a closed cabin which is attached directly to 
the envelope. Power is supplied by two radial air- 



because of heaviness. In the second series constant 
altitude was maintained. 

" PURITAN " RESULTS 

The curves obtained from the deceleration runs are 
shown in Figiu-es 4 to 10 and the results of the speed 
trials in Figure 11. The average characteristic 
lengths are 

s= 1,990 feet (first series) 
and a = 1,800 feet (second series) 

TSa calculated total air volume » for the Puritan is 
89,300 cubic feet. The value of ki for an ellipsoid of 
equivalent volume and length is 0.10. Therefore 

p«=89,300X 1.10 = 98,200 cubic feet 
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"Swsmx 1.— PHrHiB deceleiatlbn test Bnn No. I 
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RaOBi 0.— PiirSin decelstatton test. Bon No. 3 
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FiQiJBi b.—PmUan deceleiatlDa test. Bun No. a 



.0/4, 







































































































































y 




f ° 
















s = 


I3H 


Off. 




























0 o 


f 


-tra 
































































































































































































































































































a rf 





























10 20 30 40 SO 60 70 

Time, seconds 

7I0IIIUC 7.— PKiiten deceleratloii test. San No. i 
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FiGUBE 8.— Puritan decdeiatlaatast BunKo.I. ^seiles] 
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Fiatnis 11.— Piuiten atiditp speed trials. True air speed veisus propeller r, p. m. 
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The equivalent drag area of the propellers, considered 
as stopped, was calculated to be 10 square feet, which, 
added to the drag area of the suspended air-speed 
head, gives 

^, = 10+2 = 12 square feet 

Thus, for the net drag areas we have 

A = ^^^^9Q^^ — 12 = 87 square feet (first series) 

, . 2X98,200 ,„ „_ , . , J • N 

and -A— — fgoo 12=97 square feet (second senes) 

The shape coeffidents for the two cases are 

87 

Od = (89,300)'^ °°' series) 
97 

and Cb °° (§9 300 )^ ^*^' (second series) 

The values of p for the speed trials were 0. 00233 
for the first series and 0. 00237 for the second. Figure 
11 shows the maximum speeds attained to be 47. 5 
m. p. h. and 48. 5 m. p. h. for the first and second 
series of tests, respectively. These air speeds did not 
occur at the same engine speeds, however. In the 
first series the engines developed a maximum of 1,600 
r. p. m., whereas in the second series the maximum 
engine speed attained was 1,690 r. p. m. For a given 
engine speed the curve for the first series of tests 
shows a higher air speed than that for the second 
series. The difference in these curves indicates a 
change in the drag coefficient of the airship that is in 
agreement with that found from the deceleration 
t€sts. However, the fact that one of the propellers 
was changed puts the issue in doubt as, in addition 
to the change in direction of rotation of the second 
propeller, the characteristics of this propeller may not 
have been identical with those of the propeller replaced. 

"ZMG-2" TESTS 

Speed and deceleration tests were made with the 
ZMO-S airship at Lakehurst, N. J., November 7, 
1929. They were conducted by the National Advi- 
sory Committee for Aeronautics at the request of 
and in conjunction with the Bureau of Aeronautics 
of the Navy. One series of speed trials and five 
deceleration runs were made. 

The ZMG-^ is the all-metal airship constructed 
by the Aircraft Development Corporation for the 
Navy Department. It has a volume of 202,200 cubic 
feet, a length of 149.4 feet, a maximum diameter of 
52.7 feet, and a length-diameter ratio of 2.83, which 
is unusually small for present-day airships. The 
forward portion of the hull is an ellipsoid and the 
after portion a hyperboloid. It is circulaj* in section 
and is 'constructed of smooth aliuninum alloy sheets 
joined with gas-tight riveted seams. It has eight 
fins and movable tail surfaces equally spaced around 
the huH. Four of the movable surfaces act as eleva- 
tors. Of the remaining four movable surfaces the 



lower pair act as ordinary rudders. The upper pair 
may be used either as "automatic" rudders or as 
fins if locked. At the time of the tests they were in 
the latter condition. The control car is attached 
directly to the huU. Power is furnished by two 
220-horsepower radial air-cooled engines supported 
by faired outriggers which also contain the air scoops. 
In general, the airship is much cleaner than the 
service types of nonri^d airships. 

The usual instruments were used in the tests on 
this airship. The air-speed head was suspended 
approximately 60 feet below the control cax. Deceler- 
ation tests were made with the engine switches open, 
and the time required for the propellers to stop rota- 
ting was obtained with a stop watch. 

The tests were made over water at altitudes varying 
from a few hundred feet for the deceleration runs to 
about 2,000 feet for the speed trials. The air was 
remarkably smooth throughout the flight. Before 
starting the deceleration tests the ainsliip was placed 
in buoyant equilibrium and was trimmed longitudi- 
nally to a nearly even keel. The static nose heaviness 
of the airship could not be entirely overcome, how- 
ever, even at a very low altitude. Deceleration runs 
were started from steady flight with both engines at 
1,550 r. p. m. The two engine switches were opened 
simultaneously with the starting of the air-speed 
recorder. Approximate level keel was maintained 
by the use of considerable elevator control. In the 
speed trials records were taken over 5 to 10 second 
intervals during steady level flight at the desired 
engine speeds. In all the tests the car wmdows were 
closed, with the exception of the first deceleration 
run in which two side windows were inadvertently 
left open. 

The static nose heaviness of the airship augmented 
by the drag of the car and engines made it necessary 
to use about 10° up elevator in the deceleration 
runs. In the speed trials the deflection was varied 
from up at low speeds to down at maximum speed, 
with the jieutral position at cruising speed. The air- 
ship's inclinometer was used to indicate the angle of 
trim in both cases. Since this instrument is affected 
by longitudinal deceleration, the airship was probably 
inclined with the nose up slightly in the deceleration 
runs. The calculated magnitude of this error varies 
from about 3° at the start to 1° at the end of the 
runs. The actual pitch, however, was probably very 
small, as the airship climbed appreciably during 
each run. 

" ZMC-2 " RESULTS 

The results of the deceleration tests toe given in 
Figures 12 to 16, inclusive, in which the reciprocals 
of the measured velocities are plotted against time. 
From these curves the average characteristic length 
was foimd to be 

a =2,816 feet 
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Therefore, the net drag area is 

. 2X229,800 

2,816 — ~ ^ square feet 



The total air volume v is 203,300 cubic feet, ffiud 
the lougitudiual mass coefficient ki for an equivalent 
ellipsoid based on length and volume is 0.13. There- 
fore, 

»„ = 1.13X203,300=329,800 cubic feet 
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FiGuas 12.— ZAfO-j) deceleration tut. Son No. I 

Although the propellers actually rotated for about 
40 seconds after the switches were opened, the de- 
celeration curves show no appreciable change in slope 
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FieuESlS.— ZWC^deceletaflonteBt. Ran No. 2 



as the result of this condition. The drag area of the 
propellers was therefore calculated for the stopped 
condition and was found to be about 12 square feet. 
This amount, plus the drag of the suspended instru- 
ment, gives 

= 12 + 2 = 14 square feet . 



and 
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(203,300)*^ 



=0.043 
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FiouBzil^ZArc^rdeoaleiatlontest Bun No. 3 

The results of the speed trials with the ZMQ-% 
airship are shown in Figure 17. The value of p for 
these trials was 0.00225. A maximum air speed of 
70.7 m. p. h. was attained at full throttle. The fact 
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that this- air-speed point is not so close to the curve 
as the other points can be attributed to afi error 
in the tachometer readings as logically as to an error 
in air speed. The accuracy of the tachometers is 
unknown, as calibrations of these instruments were not 
available. 
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" TC-6 " TESTS 

Speed trials were made with the Army airship 
TCf-e at Langley Field, Va., during October of 1929. 
Deceleration t-ests with fihis airship were made during 
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February of 1930. Both these investigations were 
conducted by the National Advisory Committee for 
Aeronautics with the cooperation of fihe Nineteenth 
Airship Company. 



The N". A. C. A. flight-path-angle and air-speed 
recorder with a suspension length of about 90 feet was 
utilized during the speed trials because the suspended 
air-speed head usually employed was not ayailable. 
As the air was fairly bumpy during the speed trials a 
large number of runs were made. Four deceleration 
runs were made, but only two were satisfactory 
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ItousE 18.— 3*04 decdeatton test, BanHios. SandS 

because of difiQ.culties experienced with the air^eed 
recorder. 

Before each deceleration run the airship was put in 
equilibrium with the tail slightly heavy while the 
engines were operating at half speed. The negative 
pitching moment caused by the drag of the car and 
engines was thereby largely overcome without the 
use of elevators. The deceleration trials were started 
from different speeds. Level keel was maintained by 
aghting on the horizon. 

" TC-6 " RESULTS 

The resiilts obtained in the two satis- 
factory deceleration runs are shown in 

Figure 18. The average characteristic 
length derived from these curves is 

s= 3,250 feet 

Since the shape and volume of the 
TG-6 are the same as for the TC-10, it 
follows iJiat 



and 



0=207,700 cubic feet 
0a =222,300 cubic feet 



0 200 -400 600 aOO IQQO I2QO /400 1600 IBOO 
Propeller speed, r.pjn. 

fiGcailT.— 23f04e&ship speed bbls. 'nns alt speed rasas piopdkrr. p. nt. 

The TG-e was similar to the TG-10, except that 
the car was about 1 foot closer to the bag and air- 
cooled radial engines were used instead of water- 
cooled engines. The rated power of these engines is 
about 190 horsepower at 1,600 r. p. m. 



The drag area of iihe propellers stopped 
was calculated to be 11 square feet, and 
since the drag area of the suspended air- 
speed head is about 2 square feet, it 
follows that: 

.idp = 11+2 = 13 square feet 
The net drag area is: 

2X222,300 ,„ ■ f * 

• — g 13 = 124 square feet 

124 

^^=(207,700)«°°-*^^^ 
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The results of the speed trials are sho™ in Figure 19. 
The value of p for these tests was 0.00224. The 
maxiinum full-throtile air speed attained was 59.4 
m. p. h. and the engine speed for this air speed was 
1,595 r. p. m. It will be noted that three curves of air 
speed against engine speed were obtained. The 
reason for the difiference between the curves ia un- 
known. The results were obtained in two fights on 
the same day at practicaJly identical atmospheric 
conditions. The fact that the air was somewhat 
rough does not explain the discrepancies nor can they 
be logically attributed to instrument errors. Although 
the airship was supposedly on an even keel in these 
tests, the possibility that it was pitched by varied 
amounts appears to be the onl3r logical explanation of 
the observed discrepandes. 



engines at their fuU-throttle speed of 1,400 r. p. m. 
The engine speeds at the start of the second and third 
runs were 1,350 and 1,300 r. p. m., respectively. The 
third was very unsatisfactory, and the results for this 
run. are not included. Level keel was maintained by 
sighting on the horizon while decelerating. 

Separate speed trials were not made, but the rela- 
tionship between air speed and engine speed was 
determined approximately by values recorded at the 
start of the decelerations. This procedure was made, 
possible by the fact that the air-speed records were 
started slightly before the engines were throttled. 

"TE^2" RESULTS 

The deceleration curves obtained in the three satis- 
factory runs are shown in Figures 20 to 22, and a 
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FIOVBX S(L— TEr4 decdeiatian test Bon No. 1 

curve of air speed against engine r. p. m., in 
Figure 23. The average of the three values for 
characteristic length is: 



" TE-2 " TESTS 

Deceleration tests with tiie Army TEh? airship were 
made at Langley Field, Va., in October, 1930. These 
tests were conducted by the National Advisory Com- 
mittee for Aeronautics with the cooperation of the 
Nineteenth Airship Company. 

The TE-^ airship has a volume of 80,200 cubic feet, 
a length of 136 feet, a maximum diameter of 34 feet, 
and a length-diameter ratio of 4.0. The car is open 
and is provided with a landing wheel which facilitates 
the handling of the airship on the ground. Power is 
supplied by two 3-cylinder aiiMiooled engines mounted 
on outriggers. These engines operate two wooden 
pusher propellers. The rated full-throttle power of 
these engines is 38.6 horsepower at 1,400 r. p. m. 

It was not advisable to atop the engines in flight 
because starting them required the use of directly 
connected hand cranks. Consequently power was 
shut off in the deceleration runs by throttling the 
engines to a speed of about 300 r. p. m. Four runs 
were made. The first and last were started with the 



s = 1,740 feet 

The calculated total air volume v is 82,900 cubic 
foet.. The longitudinal mass coefficient ki is 0.08 
for an ellipsoid having .a volume and length equal to 
that of the airship. Therefore, 

o» = 1 .08 X 82,900 = 89,500 cubic feet 

The drag of the propellers idling at 300 r. p. m. 
was calculated to be equivalent to a drag area of 15 
square feet. The total drag area correction is^ there- 
fore, 

; ; -dp = 1 5 + 2 = 1 7 square feet 
Prom^..the above values, the net drag area was calcu- 
lated to be 

. 2X89,500 oa t A. 

^ A= — ^ =86 square feet 

and the shape coefficient, 

n ■ - C^=(82,900)«=°-°^^ 
THs curve of Figure 23 shows that at the full- 
throttle engine speed of 1,400 r. p. m. the air speed 
was 38.3 m. p. h. The value of p for the test con- 
ditions was 0.00227. 
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DISCUSSION OP RESULTS 
The principal results are sununaiized in Table 11 
and a comparison of the shapes and shape coefficients 
of the six airships is shown in Figure 24. The Esy- 
nolds Numbers given for these airships were cdgu- 
lated on the basis of orer-all length and f^e average 
velocity used for the determination of curves of 



.034 



The probable magnitude of the effect of RejTiolds 
Number is of considerable interest. If it wece suf- 
ficiently laj^e it would cause the curves of y against 

t to bend upward perceptibly with increasing 
The fact that a consistent curvature of this nature 
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y versus t 



The drag coefficients vary from 0.023 

for the Los Angeles to about 0.046 for the TE--2, 
Puritan, and ZMOS airships. Although the varia- 
tion in coefficients appears to be an itregular but 
pronounced variation wiiih the inverse of the length- 
diameter ratio, a comparison of the coffiecients on 
the basis of a single variable is not entirely justified, 
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IteT}xx22.— Tf^decelecaUontest BiuiNo.4 

because of the probable effect of such factors as dif- 
ferences in appendages, envelope curvature, and Rey- 
nolds Number. The Reynolds Numbers decrease 
approximately in the same order as the length-di- 
ameter ratios, and the variation in Reynolds Num- 
ber would be expected to account, to some extent, 
for the gaieral increase in coefficients with decreased 
length-diameter ratio. 



can not be detected indicates that the effect is no 
greater than the effect of inaccuracies in the data. 
The same conclusion results from a consideratioii of 
Figure 25. This figure shows the variation of total 
drag coefficient with Reynolds Number determined 
from tests in the variable density wind tunnel with a 
bare-huU airship model of length-diameter ratio S.9. 
The experimental points represent the values ob- 
tained in two tests with this model. All the experi- 
mental points obtained are not shown, as several of 
them practically coincide with those plotted. For 
the straight portion of the curve OaOcB" where nhas 
a value of about —0.12. Although the curve has 
been extrapolated, it probably provides the best in- 
dication of the effect of Reynolds Number on the re- 
sistance of airship shapes that is now available. Be- 
tween S=350X10' and i2= 35X10*, which is the 
approximate range covered in the flight tests, the 
variation in Cx) is 0.0048. Such a change in the drag 
coefficient of the Los Angeles would increase it from 
0.023 to about 0.028 at the Reynolds Numbers of the 
small short airships. 

The propulsive efficiency E and the propulsive co- 
efficient K. for an airship can foe calculated by the use 
of the following expressions: 

2 X 650 Xhp 

650 Xhp 

The horsepower that appears in these expressions 
is the power developed by the engines at the air speed 
V, and thus at the engine speed at which V occurs. 
Tn the present case the rated full-throttle power of 
the engines for the mamnimi engine speed attained 
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is known, but it is probable that the actual power 
delivered in tests was considerably different from the 
rated power. Owing to the uncertainty regarding the 
horsepower developed and the fact that errors in "P 
are about three times as great as errors in V, the use 
of the above eapressions would probably lead to ques- 



deceleratipn runs with an airship deliberately pitched 
by varied amounts would throw some light on this 
subject. Then, too, there is need for data which avUI 
clarify the issue on virtual volume, particiilarly for 
blunt shapes. These data could probably be obtained 
by boundary-layer measurements on an airship of 



LoaAng^ea f.r.^y.SS RoSSO'lO' Cj' .023 





TC-6 8 TC-lO 
f.r.''4.4 
R - 7/ 'I/O* 
Cj, ".035 a. 040 



TE-S 

f.r. = 4.0 
R =3ff'</0« 
Cj,=.04S 



f.r.= finaneaa ratio = lenqfh/moximum' diameter 

riQCM 24.— Comparison of airship sh&pes and dng coefficients 



"Puriton 
f.r.-3.5 
S. =- 34x10^ 
Ca = ^044(/"seriaa) 
= .049 (2 serieai 



ZMC- S 
f.r.-= 2.83 
R - BO 
Cj, = .043 



tionable and misleading results. Therefore calcu- 
lated values of E and K are. not included herein. 

A consideration of the results impresses one witii 
the fact that there are certain unexplained discrep- 
ancies. For instance, the fact that the shape co- 
efficients found for the Ptaitan on different days differ 
by about 10 per cent and that each series of speed 
trials with the TO-6 gave different results has not 
been explained. Furthermore, it is evident that there 
is something, a slight pitch or yaw perhaps, that often 



small length-diameter ratio. As a solution to the 
whole problem of accuracy in measuring drag by 
decdeiration tests, it has been proposed that to\ving 
tests be conducted with one airship towing another. 
If such tests could be conducted with the required 
accxiTHcy, a much needed check on the over-all ac- 
curacy of the deceleration method could be obtained. 
Langlxy Memobial Abbokaui;icaL|Labobatobt, 
Naiionaij Advisoby Committee! fob Aebohatttics, 
Langley Field, Va., March 2, 1981. 
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causes a series of deceleration runs to give widely 
different results. In fact, in some cases at least one 
deceleration differed so widely from the average of 
several more or less consistent runs that it was con- 
sidered advisable to exclude it in calculating the shape 
coefficient. Apparently there is need for an investi- 
gation of the cause for those discrepancies. It is 
believed, for instance, that a series of speed trials and 
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TABLE I 
PROPELLER OnAEAGTERISTIGS 



Alishlp 


Nnm- 
Taexol 
pro- 
peUers 


Pro- 
peller 
diam- 
eter, 
^ffeetD 


Ifoml- 

nal 
pitch, 

P 




Maxl- 

blade 
wJdtli, 
i(f«et5 




Total 
drag 
area, 
(sqoare 
feet) 


Los Asgeles 

TO-10 

Paritoii 


S 
% 
2 
2 
2 
2 


ILSE 
8. SB 
S.29 
g.2g' 
8.60 
7.M 


t-H 
Eli 
S.26 
l.(SS 
6.S4 
3.S2 


o.m 

.698 
.394 
.60S 
.863 
.SB7 


O.SM 
.930 
.817 
.860 
.730 
.718 


o.Qm 

.1063 
.074S 
.0713 

.OSes 

.1020 


39 
14 
10 
13 
10 
IS 


KVffT-fl 




TE-2 



TABLE n 
AIRSHIP CHARACTERISTICS 



Airship 



HnH Tol- 
mne, cable 
leet 



Total air 
Tolomey 
cablo&et 



Lengfb, 
feet 



Dbmefer, 
feet 



Lesftli- 
diameter 
ratio 



VIrtnal vol- 
nmfl Vm, 
cnfaia&et 



Drag 
aiea^ 
scoare 



Drag CO- 
efflaent 
Co 



Los Angeles 

TC-lfl 

Foiitan, first test 

Fniitaii, second test 

ZMC-2 

TO-8 

TE-a _ 



^760,000 
200,600 
8S,ST0 
81^870 
3(B;a00 

aoaeoo 

sot 200 



s;8^Qao 
sot; TOO 
8>.a» 

89^300 
203,800 
207,700 

8^900 



m.8 

127.8 

127.5 
149.4 
1S6.8 
ISA 



SOlT 
44.6 
»L4 
3<L4 
63.7 
44.6 
84.0 



7.2S 
4.40 
1.60 
8.60 
3183 
4.40 
4.00 



0l04 
.07 
.10 
.10 
.13 
.07 
.08 



%S5&000 
323:300 
98,200 
98.200 

msec 

22!, SCO 



141 
87 
IJ7 
149 
124 
80 



aa23 

.040 
.044 
.049 
.043 
.036 
.048 
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